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(54) Introducer for an expandable vascular occlusion device 



(57) An introducer for introducing an expandable im- 
plantable device into a catheter includes an outer tube 
and an inner core which slides in the outer tube. A first 
end of the core has a tubular configuration with a slit 
which allows it to expand radially to grip an end of the 
device. The first end of the core holding the device is 
pu II ed into a first end of the outer tube which further tight- 
ens the grip on the device. The second end of the core, 
which extends beyond the second end of the outer tube, 
may have a handle attached or be bent to prevent the 
core from moving and releasing the device. The core 
preferably has a metal wire inside of it. The device re- 
mains in its relaxed condition attached to the introducer 



at the first end of the outer tube and mostly outside of it 
until use. The outer tube may have a rigid transparent 
cup-shaped shield member attached at its first end and 
extending beyond it to protect the device and allow the 
device to be viewed on the introducer. To use the intro- 
ducer and the device, the core is slid relative to the outer 
tube which pulls the device inside the outer tube and 
into its stretched condition. As the first end of the inner 
core exits the second end of the outer tube, the end of 
the device is released and remains mostly inside of the 
outer tube in its stretched condition. An end of the outer 
tube is then inserted into a catheter and a push rod used 
to push the device from the introducer into the catheter. 
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Description 

[0001] The present invention relates, generally to 
medical devices. More particularly, the invention relates 
to expandable implantable devices, particularly vaso- 
occlusion devices used in radiology and embolotherapy. 
Specifically the invention relates to devices and meth- 
ods for installing vaso-occlusion devices. 



BACKGROUND INFORMATION 

[0002] In embolotherapy, it is often desirable to oc- 
clude blood flow in a section of vasculature for purposes 
such as controlling internal bleeding, stopping blood 
supply to tumors, and relieving vessel-wall pressure in 
a region of a vessel aneurysm. Several devices and 
methods have been developed for such purposes, many 
of which are described in U.S. Patent 4,994,069. Each 
has significant drawbacks, but the helical wire coils 
seem to have found the most favor. One difficulty with 
helical wire coils is in pushing, and, if necessary, pulling 
them through the catheter. The wire coil is dimensioned 
to engage the walls of a blood vessel and can be rela- 
tively stiff and difficult to advance through a catheter, es- 
pecially if the blood vessel has a tortuous path. U.S. Pat- 
ents 5, 226,911 and 5,250,071 describe mechanical de- 
vices that attach and detach to the coils to provide more 
positive pushing, pulling and positioning capability, but 
they are relatively complex. 

[0003] The device of U.S. Patent 4,994,069 (the '069 
patent) overcomes many of the problems with wire coils. 
It provides a smaller coiled wire that when tensioned has 
a linear configuration allowing it to be advanced through 
a catheter to the desired site. When the wire exits the 
catheter, it relaxes and takes a random convoluted 
shape to form a space-filling mass lodged in the vessel 
at the site of release. However, because the final shape 
of the relaxed coil in the blood vessel is random, the 
precise location and specific length the device occupies 
in the vessel cannot be guaranteed. Straightening the 
long coiled wire and inserting it into a catheter can also 
be problematic. 

[0004] A device which overcomes the problems asso- 
ciated with the device of the '069 patent is described in 
a pending U.S. Patent Application, serial number 
08/608,110, titled Self- Expanding Vascular Occlusion 
Device, filed on February 28, 1996. 
[0005] The present invention provides a device and 
method of loading an expandable vascular occlusion 
device of the 08/608,110 application into a catheter for 
insertion into vasculature of a patient. A device and 
method of the present invention may also be useful to 
load other expandable devices into catheters, including 
the device of the '069 patent and other wire coils. 
[0006] Expandable implantable devices which could 
benefit from the present invention include any device 
which has a stretched condition characterized by an 
elongated shape of smaller diameter and a relaxed con- 



dition characterized by a shorter shape of larger diam- 
eter. In the past, such expandable devices have been 
stored in their stretched condition inside a tube. The de- 
vice may experience creep during long term storage in 

s that condition. Such creep may prevent the device from 
fully returning to the intended shape in its relaxed con- 
dition. This is especially a problem with devices using 
plastic material in their springy components. Another 
potential problem with devices stored in a tubes is that 

10 such storage prevents a physician or anyone else from 
examining the device before it is installed. The storage 
tube may have a label with a picture or illustration of the 
device and a description. There is always a potential for 
mislabelingthetube, or even for the device to be missing 

15 from the tube. 

[0007] An introducer of the present invention allows 
an expandable implantable device to be attached to the 
tip of the introducer, but the device remains in its relaxed 
condition outside of the introducer. The device is not 

20 subject to creep during long term storage in this condi- 
tion, and the device can be examined to verify the device 
is appropriate for the intended use before the package 
containing the device and introducer is opened. 
[0008] It is an object of the present invention to pro- 

25 vide an introducer for use with an expandable implant- 
able device which holds the device in its relaxed condi- 
tion outside of the introducer. 

[0009] It is another object of the present invention to 
provide an introducer for use with an expandable im- 

30 plantable device which pulls the device into the intro- 
ducer, moving it into its stretched condition as it does so. 
[0010] It is yet another object of the invention to pro- 
vide an introducer for use with an expandable implant- 
able device which places the device in its stretched con- 

35 dition in a predetermined position within the introducer. 

BRIEF SUMMARY OF THE INVENTION 

[0011] The present invention provides an apparatus 
40 for introducing a self expanding vascular occlusion de- 
vice or other expandable implantable device into a cath- 
eter. The invention comprises an outer tube and an inner 
core sliding within an axial bore in the outer tube. The 
inner core has a distal end, a distal end portion of tubular 
45 configuration with at least one slot which allows the dis- 
tal end portion to expand radially to receive and grip an 
end of an implantable device. The inner core has a prox- 
imal end extending beyond the proximal end of the outer 
tube when the distal end of the inner core is aligned with 
so the distal end of the outer tube. The expandable implant- 
able device is held by an introducer of the present in- 
vention in its relaxed condition outside of the outer tube 
prior to use. 

[0012] An expandable implantable device is attached 
55 to an introducer of the present invention by first position- 
ing the inner core relative to the outer tube so that the 
distal end portion of the inner core extends beyond the 
distal end of the outer tube. An end of an expandable 
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implantable device is inserted into the distal end of the 
inner core so that the distal end portion expands radially 
and grips the end of the device. The inner core is slid 
proximally to move the distal end portion gripping the 
end of the implantable device into the outer tube's axial s 
bore at its distal end, thereby tightening the grip of the 
distal end portion on the end of the implantable device. 
Proximal motion of inner core is stopped when the distal 
end of the inner core is aligned with the distal end of 
said outer tube. A handle may then be attached to the 10 
proximal end of the inner core, the handle being con- 
structed and arranged to interact with the proximaf end 
of the outer tube so as to prevent said inner core from 
sliding distally and releasing the end of the implantable 
device. 15 
[0013] To use an introducer of the present invention, 
the inner core is slid proximally which pulls the expand- 
able device into the axial bore of the outer tube tighten- 
ing the inner core's grip on the end of the device and 
moving the device to its stretched condition as it does 20 
so. Continued sliding of the inner core proximally moves 
the implantable device along the axial bore of the outer 
tube. When the distal end of the inner core exits the 
proximal end of the outer tube, the distal end portion 
releases the implantable device such that most of the 25 
device remains disposed inside the outer tube in its 
stretched condition. The distal end of the outer tube is 
then installed in an opening in a catheter and a pushrod 
is used to push the device in its stretched condition dis- 
tally back along the axial bore of the outer tube and into 30 
the catheter. 

[0014] In one embodiment, the introducer further in- 
cludes a hub having an axial bore which receives the 
outer tube. The hub has a larger diameter portion to fa- 
cilitate manual gripping. The proximal end of the hub 35 
aligns with the proximal end of the inner tube. 
[0015] In another embodiment a similar hub is used. 
This hub extends proximally beyond the proximal end 
of said outer tube, and a sleeve is mounted in the axial 
bore of the hub at the proximal end of the hub. The 40 
sleeve has an axial bore with a diameter matching that 
of the outer tube. The distal end of the sfeeve is disposed 
within the axial bore of the hub and spaced a distance 
from the proximal end of the outer tube. This gap be- 
tween the sleeve and the outer tube is sufficiently large 45 
to allow the distal portion of said inner core to release 
the implantable device as the distal end of the inner core 
exits the proximal end of the outer tube. 
[0016] In another embodiment the outer tube has a 
stepped inner bore with a larger diameter portion at the so 
proximal end, a smaller diameter portion at the distal 
end, and a shoulder where the two portions meet. A sl- 
idable sleeve is selectively positionable along the prox- 
imal portion of the axial bore such that the distal end of 
the sleeve is spaced a distance from the shoulder or the ss 
distal end of said sleeve abuts the shoulder. The slidable 
sleeve has an axial bore the same diameter as the distal 
portion of the axial bore of the outer tube. When the 
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sleeve is spaced a distance from the shoulder, the im- 
plantable device is released from the inner core when 
the distal end of the inner core passes the shoulder. Af- 
ter the inner core is removed, the sleeve can be slid dis- 
tally so that the distal end of the sleeve butts against the 
shoulder thereby closing the gap along the bore. This 
facilitates use of a push rod having a flexible tip which 
may miss the implantable device or buckle while trying 
to push the device back through the outer tube. 
[0017] In another similar embodiment a slidable 
sleeve is spring loaded to keep the gap closed until the 
distal end portion of the inner core holding the end of 
the implantable device pushed it open. To facilitate this, 
the axial bore of the sliding sleeve has a slightly smaller 
diameter than that of the distal portion of the outer tube, 
but the diameter is still large enough to allow the inner 
core to slide smoothly in it. After the implantable device 
is released from the inner core, the distal end portion of 
the inner core contracts and slides through the bore of 
the sleeve and the springs then push the sleeve distally 
until the gap is again closed. 

[001 8] All of these embodiments may have a handle 
attached to the proximal end of the inner core after the 
implantable device is attached to facilitate manual 
grasping of the inner core and to prevent said inner core 
from sliding distally and releasing the end of the implant- 
able device. 

[0019] The features, benefits and objects of this in- 
vention will become clear to those skilled in the art by 
reference to the following description, claims and draw- 
ings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

[0020] Figure 1 is an isometric view of one embodi- 
ment of the introducer of the present invention as used 
with a self expanding vascular occlusion device. 
[0021] Figure 2 is a partially exploded cross sectional 
view taken along the line 2-2 of Figure 1 . 
[0022] Figure 3 is an exploded view of the delivery 
portion of the delivery portion 32 of the embodiment of 
Figure 1. 

[0023] Figure 4 is a partially exploded view of the em- 
bodiment of Figure 1 as seen during assembly 
[0024] Figure 5 is an enlarged view of the area indi- 
cated in Figure 4. 

[0025] Figure 6 is a cross sectional view taken along 
the line 6-6 of Figure 1 . 

[0026] Figure 7 is an isometric view of the embodi- 
ment of Figure 1 as seen during assembly with a self 
expanding vascular occlusion device exploded away 
from the introducer. 

[0027] Figure 8 is an isometric view of the embodi- 
ment of Figure 1 as seen during assembly with a self 
expanding vascular occlusion device attached from the 
introducer. 

[0028] Figure 9 is an enlarged view of the area indi- 
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cated in Figure 8. 

[0029] Figure 1 0 is an enlarged view of the area indi- 
cated in Figure 1. 

[0030] Fig 11 is a partial cross sectional view along 
line 11-11 of Figure 9. 

[0031 ] Figu re 1 2 is a cross sectional view of the distal 
end of the embodiment of Figure 1 as used with a wire 
coil vascular occlusion device. 

[0032] Figure 13 is the view of Figure 11 with a self 
expanding vascular occlusion device partially retracted 
into the introducer. 

[0033] Figure 1 4 is an enlarged view of Figure 6 show- 
ing how a self expanding vascular occlusion device is 
released from the retracting portion as the retracting 
portion is retracted. 

[0034] Figure 15 is the view of Figure 14 with the re- 
tracting portion removed. 

[0035] Figure 16 is a cross sectional view of the em- 
bodiment of Figure 1 and a pushing device which may 
be used to push an expandable implantable device out 
of the delivery tube. 

[0036] Figure 1 7 is an enlarged view of the area indi- 
cated in Figure 16. 

[0037] Figure 1 8 is a cross sectional view of the distal 
tip of the embodiment shown in Figure 16 with the intro- 
duced installed in a catheter and a self expanding vas- 
cular occlusion device being pushed from the introducer 
into the catheter. 

[0038] Figure 1 9 is a cross sectional view of the prox- 
imal end of a delivery portion of a second embodiment 
of the introducer of the present invention with a self ex- 
panding vascular occlusion device retracted into it. 
[0039] Figure 20 is a cross sectional view of the prox- 
imal end of a delivery portion of a third embodiment of 
the introducer of the present invention with a self ex- 
panding vascular occlusion device retracted into it. 
[0040] Figure 21 is a cross sectional view of a fourth 
embodiment of the introducer of the present invention 
with a self expanding vascular occlusion device at- 
tached to it. This embodiment uses a slip sleeve. 
[0041] Figure 22 is the view of Figure 21 showing the 
self expanding vascular occlusion device being retract- 
ed into it. 

[0042] Figure 23 is the view of Figure 22 with the re- 
tracting portion removed showing how the slip sleeve 
closes. 

[0043] Figure 24 is a cross sectional view of a fifth em- 
bodiment of the introducer of the present invention with 
a self expanding vascular occlusion device retracted in- 
to it. This embodiment uses a spring loaded sliding 
sleeve. 

[0044] Figure 25 is the view of Figure 24 after the de- 
vice has been released. 

[0045] Figure 26 is an alternate embodiment of the re- 
tractable portion of the device wherein the retractable 
portion has an internal metal rod. 
[0046] Figure 27 is a cross sectional partially explod- 
ed view of a sixth embodiment of the introducer having 



a shield on one end. 

[0047] Figure 28 is a cross sectional view of a unitarily 
molded embodiment of a portion of the introducer of Fig- 
ure 27. 

s [0048] Figure 29 is a perspective view of the introduc- 
er of Figure 27 with a self expanding vascular occlusion 
device attached. 

[0049] Figure 30 is a cross sectional view of a seventh 
embodiment of the introducer with a self expanding vas- 
10 cular occlusion device attached. 

DETAILED DESCRIPTION 

[0050] Referring to Figures 1-15, an example of one 

15 embodiment of the present invention is illustrated and 
generally indicated by the reference numeral 30. The 
introducer 30 is described be low first in terms of its major 
structural elements and then in terms of its secondary 
structural and/or functional elements which cooperate 

20 to perform the introducing function. 

[0051] Referring to Figures 1 and 2, introducer 30 
comprises an outer tubular delivery portion 32 and an 
inner core portion 34 which slides inside delivery portion 
32. Inner core 34 has a handle 80 attached to facilitate 

25 manual grasping of it. Inner core 34 has distal end por- 
tion 74 which is tubular and is longitudinally slit to grip 
an end of an expandable implantable device 100 and 
hold it at tip 46 of delivery portion 32 until device 100 is 
to be used. At that time inner core 34 is manually pulled 

30 proximally, in the direction indicated by arrow A, which 
pulls expandable device 1 00 into delivery portion 32 col- 
lapsing device 100 as it does so. As inner core 34 is 
pulled through delivery portion 32, device 100 is pulled 
proximally inside of delivery portion 32 until distal end 

35 portion 74 of inner core 34 reaches gap 68 in delivery 
portion 32 whereat slit distal end portion 74 expands to 
release device 100. Inner core 34 is then removed from 
delivery portion 32. Device 100 is then introduced into 
a catheter by inserting tip 46 of delivery portion into a 

40 catheter and pushing device 1 00 back through delivery 
portion 32 using an appropriate diameter pushrod. 
[0052] Referring to Figures 2 and 3, outer delivery 
portion 32 comprises a delivery tube 40, a hub 50, and 
a sleeve 60. Delivery tube 40 and sleeve 60 are mount- 

45 ed in hub 50 so that a gap 68 of length L1 is left between 
delivery tube 40 and sleeve 60. Hub 50 has a cylindrical 
shank 52 having a proximal end 54 and a distal end 56. 
In this embodiment, shank 52 has a larger diameter por- 
tion at distal end 56 to facilitate manual gripping as de- 

so livery portion 32 and retracting portion 34 are pulled rel- 
ative to each other. An axial bore 58 extends all the way 
through hub 50 from proximal end 54 to distal end 56. 
[0053] The outer tube 40 has a proximal end portion 
42 and a distal end portion 44. Proximal end portion 42 

55 is inserted into bore 58 at distal end 56 of hub 50 until 
a point 48 on delivery tube 40 aligns with distal end 56 
of hub 50. Delivery tube 40 is then bonded in place with 
adhesive 92, such as epoxy. Distal end portion 44 of de- 



4 



BNSDOCID: <EP 09031 10A1 I > 



BNS oaae < 



4 



7 



EP 0 903 110 A1 



8 



livery tube 40 has an exterior taper 47 to tip 46. 
[0054] Sleeve 60 is a tubular body having a distal por- 
tion 62 and a proximal portion 64. Sleeve 60 has an inner 
diameter which matches that of delivery tube 40. Distal 
portion 62 of sleeve 60 has an outer diameter which also s 
matches that of delivery tube 40. Proximal portion 64 
has an outer diameter larger than that of distal portion 
62 but smaller than the outer diameter of shank 52 of 
hub 50. Shoulder 66 is formed at the juncture of distal 
portion 62 and proximal portion 64. Distal portion 62 of 10 
sleeve 60 is inserted into bore 58 at proximal end 54 of 
hub 50 until shoulder 66 stops against proximal end 54 
of hub 50 and sleeve 60 is bonded in place. The lengths 
of hub 50, proximal end portion 42 of delivery tube 40 
and distal portion 62 of sleeve 60 are such that a gap 15 
68 is left between delivery tube 40 and sleeve 60 when 
they are properly bonded in bore 58 of hub 50. This gap 
is important to facilitate releasing of an expandable de- 
vice by retracting portion 34 and care must be taken that 
material used to bond delivery tube 40 and sleeve 60 20 
into hub 50 does not flow into gap 68. 
[0055] Referring to Figures 2, 4, and 5, inner core 34 
comprises a collet tube 70 and handle 80. Collet tube 
70 has a proximal end portion 72 and a distal end portion 
74. Collet tube 70 is preferably tubular throughout its 2s 
length, but it mat be a solid core with only its distal end 
portion being tubular. Distal end portion 74 has a longi- 
tudinal slit 76 bifurcating it for a length of L2 into portions 
75 and 77. After delivery portion 32 has been assem- 
bled, proximal end portion 72 of collet tube 70 is inserted 30 
into tip 46 of delivery tube 40 and slid through delivery 
portion 32 in the direction indicated be arrow B so that 
proximal end portion 72 extends well beyond sleeve 60. 
[0056] Referring to Figures 2, 4, and 6, handle 80 has 
an axial bore 82 of sufficient diameter to receive collet 3S 
tube 70. At distal end 89 of handle 80, axial bore 82 has 
a portion 84 of sufficient diameter and length to receive 
sleeve 60 with a slight friction fit and allow distal end 89 
of handle 80 to butt against proximal end 54 of hub 50. 
In this embodiment, portion 84 is larger diameter than 40 
the rest of axial bore 82, but all of axial bore 82 may 
have a diameter of portion 84. In this embodiment, han- 
dle 80 has external features such as circumferential 
grooves 86 to facilitate manual gripping of handle 80. 
[0057] Handle 80 is slipped over proximal end portion 4S 
72 of collet tube 70, which extends beyond sleeve 60, 
and slid along collet tube 70 in the direction indicated 
by arrow C so that sleeve 60 engages portion 84 of axial 
bore 82 and distal end 89 of handle 80 butts against 
proximal end 54 of hub 50. Collet tube 70 is then further so 
advanced through delivery portion 32 in the direction in- 
dicated by arrow B so that distal end portion 74 of collet 
tube 70 is near tip 46 of delivery tube 40 and proximal 
end portion 72 of collet tube 70 extends beyond proximal 
end 88 of handle 80. ss 
[0058] Referring to Figures 7, 8, and 9, an expanda- 
ble implantable device such as a vascular occlusion de- 
vice 100, described in pending U.S. Patent Application, ' 



serial number 08/608,110 is installed in distal end por- 
tion 74 of collet tube 70. Expandable vascular occlusion 
device 100 has a plurality of hubs 102 and a plurality of 
braided wires 104 connecting hubs 102. Braided wires 
104 have been heat set so that when device 100 is in a 
relaxed state as shown in figures 7, 8, and 9, device 100 
resembles two cones with apexes pointing toward each 
other. For simplicity, only an outer contour of device 100 
is illustrated. When hubs 102 are pulled axially, device 
100 stretches into a tubular form of greater length and 
smaller diameter than it has in its relaxed state. So, the 
device which is to be used with the introducer of the in- 
vention (device 100, stent,...) is adapted for having a 
relaxed condition of greater diameter and shorter length 
(see figure 1 0) and a stretched condition of lesser diam- 
eter and longer length. 

[0059] An end hub 1 02 of device 1 00 rs inserted into 
distal end portion 74 of collet tube 70. The inside diam- 
eter of collet tube 70 is smaller than the outer diameter 
of hub 102. In one embodiment, hub 102 has an outer 
diameter of 0.030 inches and collet tube 70 has an inner 
diameter of 0.017 inches. The larger diameter of hub 
102 forces slot 76 to open as hub 102 is advanced into 
distal end portion 74 thereby separating portions 75 and 
77 of collet tube 70. Preferably, nearly the entire length 
of hub 102 is inserted into distal end portion 74. Length 
L2 of slot 76 should be long enough that hub 102 can 
be easily inserted, but short enough that portions 75 and 
77 resist being separated and thereby grip hub 102. In 
this embodiment, slot length L2 is about twice the length 
of hub 102. 

[0060] Referring to Figures 1,10 and 1 1 , with device 
100 held by portions 75 and 77 of collet tube 70, collet 
tube 70 is than further advanced through delivery por- 
tion 32 so that portions 75 and 77 are withdrawn into 
delivery tube 40 and end 79 of collet tube 70 is approx- 
imately flush with tip 46 of delivery tube 40. Portions 75 
and 77 should not be withdrawn so much into delivery 
tube 40 that wires 1 04 are deformed by tip 46 of delivery 
tube 40. 

[0061] Referring to Figures 1 and 6, with device 1 00 
properly positioned relative to delivery tube 40, adhe- 
sive 90 such as epoxy is applied to proximal end 88 of 
handle 80 and collet tube 70 at proximal end 88 of han- 
dle 80 to secure collet tube 70 to handle 80. After adhe- 
sive 90 has solidified, excess collet tube 70 extending 
beyond adhesive 90 is trimmed off. Introducer 30 with 
expandable implantable device 100 attached is now 
completed and ready to be stored. It may be sterilized 
and stored in a sealed transparent bag or tube. 
[0062] Referring to Figure 12, other expandable im- 
plantable devices such as vascular occlusion coil 110 
may be used with introducer 30. An end 11 2 of coil 110 
is inserted between portions 75 and 77 of collet tube 70 
and withdrawn into tip 46 of delivery tube 40 in a similar 
manner as was hub 102 of device 100. 
[0063] An introducer of the present invention may be 
suitable for use with any other expandable implantable 
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device, such as a stent, which has a stretched condition 
characterized by an elongated shape of smaller diame- 
ter and a relaxed condition characterized by a shorter 
shape of larger diameter. An implantable device re- 
mains attached to the introducer but the device remains 
in its relaxed condition outside of the introducer. The de- 
vice is not subject to creep during long term storage in 
this condition, and the device can be examined to verify 
the device is appropriate for the intended use before the 
package containing the device and introducer is 
opened. 

[0064] Referring to Figures 1, 11 and 13, when an 
implantable device such as device 100, is to be intro- 
duce into a catheter, handle 80 is manually pulled away 
from hub 50 in the direction indicated be arrow A, which 
moves collet tube 70 in the direction indicated by arrow 
D and pulls expandable device 100 into delivery tube 40 
collapsing device 1 00 as it does so. 
[0065] Referring to Figure 1 1 , distal end portion 44 of 
delivery tube 40 has an inner wall portion 41 of reduced 
diameter extending from tip 46 to transition region 45 
between inner wall portion 41 and inner wall 43. The di- 
ameter of inner wall portion 41 is reduced from the di- 
ameter of the inner wall 43 along the rest of delivery tube 
40 to compensate for the reduced radial stiffness due to 
the tapering wall thickness in distal end portion 44. As 
hub 102 and portions 75 and 77 of collet tube 70 are 
drawn into distal end portion 44 of delivery tube 40, distal 
end portion 44 compresses portions 75 and 77 of collet 
tube 70 firmly against hub 120 like a collet. Portions 75 
and 77 exert an outward force on distal portion 44. Be- 
cause the wall thickness of distal portion 44 is thinner 
than the rest of delivery tube 40, distal portion 44 will 
deform outward more than the rest of delivery tube 40. 
If inner wall portion 41 had a diameter the same as inner 
wall 43 of the rest of delivery tube 40, the greater out- 
ward expansion near tip 46 may reduce the holding 
force of portions 75 and 77 against hub 1 02 enough that 
hub 102 would pull out of collet tube 70 as collet tube 
70 is further retracted and frictional resistance of wires 
104 against tip 46 is encountered. Such an occurrence 
would render introducer 30 useless. The reduced diam- 
eter of inner wall portion 41 compensates for that by 
forcing distal end portion 44 to elastically expand more 
than the rest of delivery tube 40 as portions 75 and 77, 
and hub 102 pass. A greater compression force is ex- 
erted on portions 75 and 77 than if the diameter of inner 
wall portion 41 had not been reduced. The compression 
load of the distal end portion 44 with a thinner wall of 
lesser inner diameter expanding farther is then similar 
to that of the rest of delivery tube 40 with a thicker wall 
of greater inner diameter expanding less. That main- 
tains enough holding force on hub 1 02 so it does not 
pull out of collet tube 70 as device 100 is pulled into de- 
livery tube 40. 

[0066] in one embodiment, the inner diameter of re- 
duced diameter portion 41 is 0.040 inches and the inner 
diameter of the rest of delivery tube 40 is 0.043 inches. 



The corresponding outer and inner diameters of collet 
tube 70 are 0.031 and 0.014 inches respectively. The 
outer diameter of hub 102 used with tubes of those di- 
mensions is 0.030 inches, resulting in a 0.004 inch dia- 

s metric compression. 

[0067] Referring to Figure 13, as device 100 is pulled 
into distal end portion 44 of delivery tube 40, braided 
wires 104 encounter tip 46 which forces wires 104 to 
collapse as device 100 is stretched and pulled. The half 

10 of device 1 00 inside delivery tube 40 has been stretched 
into a tubular shape t ube with braided wires 1 04 oriented 
more as illustrated. Braided wires 1 04 bulge out against 
delivery tube 40 as much as allowed by the diameters 
of inner wall portions 41 and 43. In a similar fashion, the 

15 remaining portion of device 100 is pulled into distal end 
portion 44 of delivery tube 40. 

[0068] Referring to Figure 14, collet tube 70 and de- 
vice 100 is retracted in a direction indicated by arrow E 
along delivery tube 40 until portions 75 and 77 of collet 

20 tube 70 reach gap 68 between delivery tube 40 and 
sleeve 60 in hub 50. As end 79 of collet tube emerges 
from delivery tube 40, portions 75 and 77 are no longer 
radially constrained by inner wail 43 of delivery tube 40 
and they spring open releasing hub 102. Collet tube 70 

25 is then pulled the remaining distance out through sleeve 
60. Gap 68 has a length sufficient to allow portions 75 
and 77 to release hub 102. That length is preferably at 
least as long as the length L2 of slot 76 between portions 
75 and 77. 

30 [0069] Referring to Figures 15, device 1 00 is now po- 
sitioned in delivery tube 40 such that end hub 1 02 is par- 
tially protruding into gap 68. Friction between wires 104 
and inner wall 43 keep device 100 in that position. 
[0070] Referring to Figures 16, 17 and 18, to intro- 

35 duce device 100 into a catheter 120, external taper 47 
of delivery tube 40 is inserted into an end 1 22 of catheter 
120, which frictionally holds delivery tube 40 in place. 
Catheter 120 preferably has an inner diameter close to 
the inner diameter of delivery tube 40, however, it is not 

40 necessary to have a close diameter match. A catheter 
could be, for example, 0.007 inches larger. A push rod 
95 having an outer diameter similar to that of collet tube 
70 is inserted into sleeve 60 and advanced distally in 
the direction indicated by arrow F until tip 97 contacts 

4B hub 102. Pushrod 95 may optionally have a handle 96 
attached which is similar to handle 80 on collet tube 70. 
Pushrod 95 is then further advanced to push device 1 00 
distally inside of. delivery tube 40, out tip 46 of delivery 
tube 40 and into catheter 1 20. Delivery tube 40 may then 

so optionally be removed from catheter 1 20 for further ad- 
vancing of device 1 00 through catheter 1 20 with another 
pushrod or appropriately sized gutdewire. 
[0071] Referring to Figure 15, sleeve 60 helps align 
a pushrod so it makes proper contact with hub 102 of 

55 device 100 when device 100 is to be pushed out of de- 
livery tube 40. however sleeve 60 and even hub 50 are 
not necessary for an introducer of the present invention 
to function properly. 
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[0072] Referring to Figure 19, one alternate embodi- 
ment is to use only a delivery tube 140 without a sleeve 
or hub. When a collet tube is retracted out proximal end 
142 of delivery tube 140, hub 120 will be released leav- 
ing a portion of hub 120 protruding from proximal end 
142. Device 100 can be pushed back into delivery tube 
140 a little by pinching hub 120 between a person's 
thumb and forefinger and pushing it into delivery tube 
140 resulting in hub 120 being approximately flush with 
proximal end 142 of delivery tube 140. A pushrod can 
then be applied to hub 1 20 and used to advance device 
in tube 140. While construction of this embodiment is 
simpler, the small outer diameter of delivery tube 140 
may make it more difficult to hold when retracting a collet 
tube or inserting and pushing a pushrod. 
[0073] Referring to Figure 20, another alternate em- 
bodiment shown works the same way as the embodi- 
ment of figure 1 5, but hub 250 attached to tube 240 pro- 
vides a better grip on delivery tube 240 when retracting 
a collet tube or inserting and pushing a pushrod. Proxi- 
mal end 254 of hub 25 is preferably flush with proximal 
end 242 of delivery tube 240. 

[0074] Referring to Figures 21, 22 and 23, another 
embodiment of an introducer of the present invention is 
shown in longitudinal cross section. Introducer 330 has 
a delivery tube 340 which may be shorter than in previ- 
ous embodiments. Delivery tube 340 has an axial bore 
with a distal portion 341 having the same diameter as 
the inner wall 43 of most of the delivery tube 40 of pre- 
vious embodiment, and a proximal portion 343 having 
a diameter of axial bore 58 of hub 50 of a previous em- 
bodiment. A shoulder 345 is formed at the junction of 
portion 341 and 343. Axial bore proximal portion 343 re- 
ceives slip sleeve 360. Delivery tube has a flange 342 
at its proximal end and an external taper 347 at its distal 
end terminating in tip 346. Delivery tube 340 preferably 
may have a greater wall thickness than delivery tube 40 
of previous embodiments and external taper 347 may 
be steeper than external taper 47 of previous embodi- 
ments. In that case it is not necessary that axial bore 
distal portion 341 have a reduced diameter correspond- 
ing to external taper 347. 

[0075] Slip sleeve 360 has a flange 364 at its proximal 
end and a shank 362 extending distally from flange 364 
which fits inside axial bore proximal portion 343 of de- 
livery tube 340. Slip sleeve 360 is positioned in bore por- 
tion 343 to form gap 368 between shoulder 345 and dis- 
tal end 369 of slip sleeve. The fit between shank 362 
and bore portion 343 should be a snug sliding fit which 
is tight enough that gap 368 is maintained during normal 
handling of introducer 330 and retracing of collet tube 
370, but loose enough that gap 368 can be closed by 
manually sliding slip sleeve distally by pushing on flange 
364. Slip sleeve 360 has an axial bore 366 of the same 
diameter as axial bore distal portion 341 of delivery tube 
340. 

[0076] Collet tube 370 has the same dimensions, ex- 
cept for length, as collet tube 70 of previous embodi- 



ments. It has a proximal end 372 bonded to handle 380 
and a slot 376 at its distal end which bifurcates it into 
portions 375 and 377 which hold hub 1 02 of device 1 00 
at tip 346 of delivery tube 340. 
5 [0077] Handle 380 has an axial bore 382 which re- 
ceives proximal end 372 of collet tube 370, and a face 
384 which abuts flange 364 when device 100 is properly 
held at tip 346. Adhesive 390 affixes handle 380 to collet 
tube 370. 

10 [0078] Device 100 is drawn into delivery tube 340 in 
the same manner as with previous embodiments. Deliv- 
ery tube 340 is held while handle 380 is pulled proximally 
in a direction indicated by arrow G, which pulls collet 
tube 370 distally and withdraws device 100 into axial 

is bore distal portion 341 of delivery tube 340. As shown 
in Figure 22, hub 102 of device 100 is released from 
collet tube 370 when portions 375 and 377 reach gap 
368. Collet tube 370 is then removed from slip sleeve 
360. 

20 [0079] Referring to Figure 23, slip sleeve 360 is then 
pushed in a direction indicated by arrow H so that shank 
362 slides in axial bore proximal portion 343 of delivery 
tube 340 until distal end 369 of slip sleeve 360 abuts 
shoulder 345 of delivery tube 340 thereby closing gap 

25 368. Flanges 342 and 364 are then adjacent each other. 
Axial bore distal portion 341 of delivery tube 340 and 
axial bore 366 of slip sleeve now form a bore having one 
uniform diameter throughout its length. This is important 
if a pushrod having a small diameter flexible tip is to be 

30 used to push device 100 out of delivery tube 340 and 
through a catheter. If gap 368 were left, the larger inner 
diameter at gap 368 may allow the flexible tip to miss 
hub 1 02 of device 1 00 or buckle while trying to push hub 
120, thereby making it impossible to begin pushing de- 

35 vice 100 out of delivery tube 340. Closing the gap 368 
to make a smaller continuous diameter prevents those 
occurrences. Introducer 330 has an additional advan- 
tage of fewer parts and less assembly than the embod- 
iment having the separate hub and sleeve which must 

40 be assembled. The length of gap 368 can also be ad- 
justed if necessary. The relative position of flanges 364 
and 342 provide a visual indicator of the length of gap 
368. 

[0080] Referring to Figure 24, another embodiment 
45 of an introducer of the present invention uses a spring 
loaded sliding sleeve to close the gap. Introducer 430 
has delivery tube 440 similar to delivery tube 340 of the 
previous embodiment in that the wall thickness, tip con- 
figuration, and dimensions of axial bore distal portion 
50 441 , proximal portion 443, and shoulder 445 are the 
same. Delivery tube 440 has a proximal portion 444 and 
a distal portion 446 joined together at joint 448. Joining 
may be done by bonding or by designing joint 446 to 
snap together. Proximal portion 444 has a flange 442 at 
55 its proximal end and an axial bore 447 of the same di- 
ameter as bore 443. 

[0081] Slip sleeve 460 has a shank 462 which slides 
inside bores 443 and 447. Axial bore 466 of slip sleeve 
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460 is slightly smaller than the diameter of bore 441 of 
delivery tube 440, but still large enough that collet tube 
470 will easily slide in it. Tabs 464 and 465 protrude in 
opposite directions through longitudinal slots 450 and 
452 in proximal portion 444 of delivery tube 440. Springs 
449 act between flange 442 and tabs 464 and 465 to 
keep slip sleeve 460 disposed distal ly in slots 450 and 
452 such that distal end 469 of slip sleeve 460 abuts 
shoulder 445 of delivery tube 440. Collet tube 470 is 
identical to collet tube 370 of the previous embodiment 
and has a similar handle (not shown) attached. 
[0082] As collet tube 70 retracts proximally in a direc- 
tion indicated by arrow G and pulls device 100 into de- 
livery tube 440, portions 475 and 477 reach distal end 
469 of slip sleeve 460. Friction between portion 475 and 
477 and 466 slip sleeve 460 caused slip sleeve to slide 
proximally in the direction indicated by arrows I. That 
motion continues until portions 475 and 477 clear shoul- 
der 445 at which point hub 1 02 of device 1 00 is released 
from between portions 475 and 477. 
[0083] Referring to Figure 25, as collet tube contin- 
ues to be retracted in the direction indicated by arrow 
G, portions 475 and 477 can come back together and 
slide out of bore 466 as collet tube 470 is removed. 
Springs 449 then push slip sleeve 460 distally until distal 
end 469 abuts shoulder 445 of delivery tube 440. Device 
100 can then be pushed distally into a catheter. The 
components of all the above embodiments are prefera- 
bly made of a thermoplastic material. 
[0084] Referring to Figure 26, another embodiment 
of the inner core 34 which applies to ail other embodi- 
ments above is inner core 134 having a metal wire 178 
disposed inside collet tube 170. Metal wire 178 has a 
proximal end 1 77 embedded in adhesive 1 90 and ex- 
tends distally along collet tube 170 until it terminates at 
a distal end 179, which is disposed proximally of slit 176 
at distal end portion 174 of collet tube 170. Metal wire 
1 78 provides something solid for collet tube 1 70 to cinch 
down against as collet tube elongates and shrinks dia- 
metrically under tensile load, thereby reducing recoil or 
"snapping" of collet tube 170 as the inner core 134 is 
pulled proximally to retract a device. Metal wire 178 has 
an outer diameter that is preferably about 0.002 inches 
less than the inner diameter of collet tube 170 to aid in- 
sertion of metal wire 178 into collet tube 170. 
[0085] The wire 178 could be of a larger diameter, as 
a rod (having a greater rigidity ; not illustrated). 
[0086] The embodiment shown in Figure 26 may be 
used with implantable devices, such as stents, that have 
no solid hub for the slit distal end portion 174 of collet 
tube 170 to cinch against. In that case, distal end 179 
of metal wire 178 may extend into slit 176 of distal end 
portion 1 74, or beyond collet tube 1 70 to provide a solid 
core against which a stent can be clamped by distal end 
portion 174 of collet tube 170. 

[0087] Referring to Figures 27-29, a sixth, embodi- 
ment of the introducer 530 is illustrated. A delivery tube 
540 has a cup-shaped transparent shield member 550 



affixed to its first end portion 542. The shield member 
550 protects device 500 and also facilitates introduction 
of a pusher or guidewire into the delivery tube 540 to 
push the device 500 into a catheter. Collet tube 570 

5 holds a self expanding vascular occlusion device 500, 
which in this illustration is a ball-shaped device, in a re- 
laxed condition at first end 546 of delivery tube 540 and 
within shield member 550. Second end portion 574 of 
collet tube 570 extending beyond second end 544 of de- 

10 livery tube 540 is bent into a hook shape 582 to function 
as a handle and also to prevent the collet tube 570 from 
sliding back toward the shield member 550 and releas- 
ing device 500. 

[0088] Shield member 550 is connected to a first end 
15 portion 542 of delivery tube 540. Shield member 550 
preferably has a shank portion 552 with an internal bore 
which receives first end portion 542 of delivery tube 540. 
Shank portion 552 is affixed to delivery tube 540 by 
methods such as gluing or welding, or shank portion 552 
20 may simply have a friction fit on delivery tube 540 and 
be pressed on it. Shield member 550 could also be 
molded directly onto delivery tube 540. Alternatively, as 
illustrated in Figure 28, shield member 550 and delivery 
tube 540 could be molded as a single unit. In that case, 
25 delivery tube 540 could be an integrally molded exten- 
sion of shank portion 552. 

[0089] Shield member 550 also has cup portion 554 
extending from shank portion 552. Cup portion 554 has 
an internal bore 556 large enough to receive a self ex- 

so panding vascular occlusion device with generous clear- 
ance around the device. Bore 556 has a tapered portion 
558 extending from end 546 of delivery tube 540. The 
tapered portion 548 guides a pusher or guidewire insert- 
ed into bore 556 into end 546 of delivery tube 540. 

35 [0090] Delivery tube 540 is similar to delivery tube 40. 
It is preferably a rigid material such as metal or plastic. 
First end 546 of delivery tube 540 opens into bore 556 
but does not extend into bore 556. First end 546 may 
have an internal chamfer 548 or radius to facilitate de- 

40 vice 500 being pulled into delivery tube 540. Delivery 
tube 540 has a second end 544 which may have an ex- 
ternal chamfer 549 or radius to facilitate it being inserted 
into a catheter 

[0091] Collet tube 570 is similar to the collet tube of 
45 Figure 26 in that, in this embodiment, it has a metal wire 
578 disposed inside of a flexible tube, preferably made 
of material such as polyethylene. The first end portion 
572 of collet tube 570 has a longitudinal slit 576 which 
allows first end portion 572 to expand radially to receive 
50 and grip an end of device 500. 

[0092] Metal wire 578 is coextensive with second end 
577 of collet tube 570, and has an end 579 which termi- 
nates a significant distance from first end portion 572 of 
collet tube 570 leaving a portion 580 of collet tube 570 
55 unreinforced by wire 578. Besides providing something 
solid for collet tube 570 to cinch down against, wire 578 
also provides stiffness and memory to second end por- 
tion 574 of collet tube 570 so it can be shaped to facilitate 
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grasping. 

[0093] To install a device 500 in the introducer 530, 
second end 577 of collet tube 570 is inserted into first 
end 546 of delivery tube 540 and pushed through deliv- 
ery tube 540 until second end portion 574 of collet tube 5 
570 extends beyond second end 544 of delivery tube 
540 and slit first end 572 of collet tube 570 extends an 
inch or so beyond shield member 550. An end of device 
500 is installed in the slit first end 572 of collet tube 570, 
then second end portion 574 is pulled to slide collet tube 10 
102 further through delivery tube 540 and pull device 
500 inside of cup portion 554 of shield member 550. 
When the end 572 of collet tube 570 gripping the device 
500 enters the first end 546 of delivery tube 540, the grip 
of end 572 of collet tube 570 on the end of device 500 is 
is tightened by compressive loading of end 572 of collet 
tube 570. Sliding of collet tube 570 is then stopped. Sec- 
ond end portion 574 of collet tube 570 is then bent to 
form a hook 582 at second end 544 of delivery tube 540. 
The hook 582 serves as a handle for grasping collet tube 20 
570 to retract device into delivery tube 540, and also 
functions to prevent the collet tube 570 from sliding back 
toward the shield member 550 and releasing device 
500. 

[0094] As shown in Figure 29, device 500 is held by 25 
Introducer 530 in its relaxed condition outside of the de- 
livery tube 540 prior to use. To use the device and the 
introducer, the hook 582 of the collet tube 570 is grasped 
and pulled relative to delivery tube 540, which pulls de- 
vice 500 into delivery tube 540 stretching device 500 to 30 
its cylindrical shape as it does so. Continued sliding of 
the collet tube 570 moves the device 500 along the de- 
livery tube 540. When the first end 572 of the collet tube 
570 exits second end 544 of the delivery tube 540, the 
collet tube 570 releases the device 500 such that most 35 
of the device remains in its stretched condition disposed 
inside the delivery tube 540 at second end 544. Collet 
tube 570 is discarded and second end 544 of the deliv- 
ery tube 540 is installed in a catheter. A push rod is then 
inserted into first end 546 of delivery tube 540 and ad- 40 
vanced until it contacts device 500. The pushrod is used 
to push the device in its stretched condition into the cath- 
eter and advance it through the catheter to the desired 
site of deployment. Shield member 550 provides a large 
diameter grasping member useful for manually holding *s 
the catheter while manipulating the pushrod. 
[0095] A seventh, and most preferable, embodiment 
is illustrated in Figure 30. The delivery tube 640 and 
shield member 650 of introducer 630 are the same as 
delivery tube 540 and shield member 550 in Figure 27, so 
The collet tube 670 is similar to collet tube 70 of Figure 
2 in that it does not have a metal wire inside of it, and it 
has a handle 680 attached at its end 674. if coilet tube 
670 is sufficiently thick and/br rigid, a metal wire is not 
needed inside of the collet tube. The introducer 630 is ss 
shown assembled and holding a conical shaped cov- 
ered self expanding vascular occlusion device 600 in its 
relaxed state. The introducer 630 and device 600 are 



assembled using the same procedure described above 
for introducer 530 except that rather than bending the 
end of the collet tube, after sliding of collet tube 670 in 
delivery tube 640 is stopped, handle 680, which is a 
sleeve, is slid over collet tube 670 from end 674 until it 
reaches end 644 of delivery tube 670. Collet tube 670 
and handle680 are then unitized to prevent movement 
of coilet tube 670 in the opposite direction. Any excess 
collet tubing extending beyond handle 680 is trimmed. 
[0096] The descriptions above and the accompanying 
drawings should be interpreted in the illustrative and not 
the limited sense. While the invention has been dis- 
closed in connection with the preferred embodiment or 
embodiments thereof, it should be understood that there 
may be other embodiments which fall within the scope 
of the invention as defined by the following claims. 
Where a claim is expressed as a means or step for per- 
forming a specified function it is intended that such claim 
be construed to cover the corresponding structure, ma- 
terial, or acts described in the specification and equiva- 
lents thereof, including both structural equivalents and 
equivalent structures. 



Claims 

1 . An introducer for introducing an implantable device 
(100) into a catheter, comprising: 

(a) a delivery tube (40) having a first end, a sec- 
ond end and an axial bore (58), 

(b) an inner core (34) slidably disposed inside 
the axial bore of the delivery tube, the inner 
core having a first end, a first end portion of tu- 
bular configuration with at least one slot (76) 
which allows the first end portion to expand ra- 
dially to receive and grip an end of the implant- 
able device (100), the inner core having a sec- 
ond end portion (72) extending beyond the sec- 
ond end (42) of the delivery tube when the first 
end of the inner core is aligned with the first end 
of the delivery tube. 

2. The introducer of claim 1 , characterized in that the 
delivery tube has a first end portion (44) having an 
external taper (47). 

3. The introducer of claim 1 or claim 2, characterized 
in that the axial bore (58) of the delivery tube (40) 
has a second portion of greater diameter and a first 
portion of lesser diameter, the first portion being ad- 
jacent the external taper (47). 

4. The introducer of anyone of claims 1 to 3, charac- 
terized in that it further comprises a handle (80) con- 
nected to the second end portion of the inner core 
(34). 
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5. The introducer of anyone of claims 1 to 4, charac- 
terized in that it further comprises a wire or a rod 
(178) disposed inside the inner core (34). 

6. The introducer of claim 5, characterized in that the 
wire or the rod (1 78) has a first end disposed a sub- 
stantial distance from the at least one slot (76). 

7. The introducer of claim 5, characterized in that the 
inner core (34) has a second end, and the wire or 
the rod (1 78) has a second end disposed at the sec- 
ond end of the inner core. 

8. The introducer of anyone of claims 5 to 7, charac- 
terized in that the inner core (34) is tubular having 
an inner diameter, and the wire or the rod (178) has 
an outer diameter that is less than the inner diam- 
eter of the tubular inner core. 

9. The introducer of anyone of claims 1 to 8, charac- 
terized in that it further comprises a hub (50) con- 
nected to the delivery tube (40), the hub having an 
axial bore (58) which receives the delivery tube, a 
first end (54), a first portion of larger outer diameter, 
a second portion of smaller outer diameter, and a 
second end (56); the delivery tube being received 
in the axial bore of the hub and the delivery tube 
extending beyond the first end (54) of the hub. 

10. The introducer of claim 9, characterized in that the 
second end of the delivery tube aligns with the sec- 
ond end (56) of the hub (50). 

11. The introducer of claim 10, characterized in that it 
further comprises a handle (80) connected to the 
second end (72) of the inner core (34), the handle 
being disposed adjacent the hub (50) when the first 
end (74) of the inner core is aligned with the first 
end (44) of the delivery tube (40). 

12. The introducer of anyone of claims 9 to 11 , charac- 
terized in that the second end (56) of the hub (50) 
extends beyond the second end of the delivery tube 
(40). 

13. The introducer of claim 11 or claim 12, character- 
ized in that it further comprises a sleeve (60) re- 
ceived by the axial bore (58) of the hub (50) at the 
second end of the hub, the sleeve having a first end, 
a second end and an axial bore, the axial bore of 
the sleeve receiving the inner core (34), the first end 
of the sleeve being disposed within the axial bore 
(58) of the hub and spaced a distance from the sec- 
ond end of the delivery tube (40), the distance being 
sufficiently long to allow the first portion (74) of the 
inner core (34) to release the implantable device 
(100) as the first end of the inner core exits the sec- 
ond end (42) of the delivery tube. 



14. The introducer of claim 13, characterized in that the 
axial bore of the sleeve (60) and the axial bore of 
the delivery tube (40) are of the same diameter. 

5 15. The introducer of claim 13 or claim 14, character- 
ized in that the second end of the sleeve (60) ex- 
tends beyond the second end of the hub (50). 

16. The introducer of anyone of claims 11 to 15, char- 
to acterized in that the handle (80) has a recess which 

receives the second end of the sleeve (60), the han- 
dle being disposed adjacent the hub (50) when the 
first end of the inner core (34) is aligned with the 
first end of the delivery tube (40). 

15 

17. The introducer ot claim 2, characterized in that: 

(a) the delivery tube (40) has a flange on the 
second end; 

20 (b) the axial bore (58) of the delivery tube has 

a second portion of greater diameter which re- 
ceives a sleeve (60), a first portion of lesser di- 
ameter which receives the inner core, and a 
shoulder (66) where the second portion meets 
25 the first portion; and further comprising: 

(c) a sleeve (60) slidably engaging the second 
portion of the axial bore (58) of the delivery 
tube, the sleeve having an axial bore which re- 
ceives the inner core, a first end, a second end, 
30 a flange at the second end, a shank (52) ex- 

tending from the flange and into the second por- 
tion of the axial bore of the delivery tube, the 
sleeve being selectively positionable along the 
second portion of the axial bore of the delivery 
35 tube such that : 

the first end of the sleeve is spaced a dis- 
tance from the shoulder, 
or, the first end of the sleeve abuts the 
40 shoulder (66), and when the sleeve is 

spaced a distance from the shoulder, the 
implantable device is released from the in- 
ner core when the first end of the inner core 
passes the shoulder. 

45 

18. The introducer of claim 1 7, characterized in that the 
shank (52) of the sleeve (60) has a length such that 
a distance between the flange on the delivery tube 
(40) and the flange on the sleeve is substantially the 

so same as the distance between the shoulder (66) in 
the delivery tube and the first end of the sleeve. 

19. The introducer of claim 18, characterized in that the 
axial bore of the sleeve (60) and the first portion of 

55 the axial bore of the delivery tube (40) are of sub- 
stantially the same diameter. 

20. The introducer of claim 18 or 19, characterized in 
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that the handle (80) is adjacent the flange on the 
sleeve (60) when the first end of the inner core is 
aligned with the first end of the delivery tube (40) 
and the sleeve is positioned so that the first end of 
the sleeve is spaced from the shoulder in the deliv- s 
ery tube. 

21. The introducer of claim 17, characterized in that the 
sleeve (60) is spring loaded against the flange of 
the delivery tube (40) to normally keep the first end w 
of the sleeve butted against the shoulder (66), but 
when the first end portion of the inner core (34) grip- 
ping an end of an implantable device (100) reaches 

the first end of the sleeve, the sleeve moves with 
the first end portion of the inner core until the first 15 
end of the inner core passes the shoulder and re- 
leases the implantable device, whereupon the first 
portion of the inner core contracts radially and the 
sleeve slides over the first end portion of the inner 
core until the first end of the sleeve once again butts 20 
against the shoulder. 

22. The introducer of claim 1, characterized in that the 
delivery tube (40) has a first end portion, and further 
comprising a shield member (550) connected to the 25 
first end portion of the delivery tube, the shield 
member having a cavity sufficiently large to receive 

the implantable device (100) in a relaxed condition, 
the cavity communicating with the axial bore of the 
delivery tube. 30 

23. The introducer of claim 22, characterized in that it 
further comprises a handle (80) disposed on and 
attached to the second end portion of the inner core 
(34) and adjacent the second end of the delivery 35 
tube (40) when the first end of the inner core is 
aligned with the first end of the delivery tube. 

24. The introducer of claim 1 or claim 7, characterized 

in that the second end portion of the inner core (34) *o 
is bent in the shape of a hook. 



and shorter fength, and a stretched condition of 
lesser diameter and longer length; and 
(b) an introducer (30) for introducing the ex- 
pandable implantable device into a catheter, 
the introducer having: 

a delivery tube (40) having a first end, a 
second end and an axial bore (58); 
an inner core (34) slidably disposed inside 
the axial bore of the delivery tube, the inner 
core having a first end, a first end portion 
constructed to receive and grip the end of 
the implantable device, the end of the ex- 
pandable device disposed in and gripped 
by the first end portion of the inner core, the 
first end portion with the end of the implant- 
able device disposed in the axial bore of 
the delivery tube at the first end of the de- 
livery tube so that the implantable device 
remains in the relaxed condition and most 
of the implantable device is outside of the 
delivery tube, the inner core being slidable 
to thereby pull the expandable device into 
and along the axial bore of the delivery tube 
in the stretched condition and to release 
the implantable device from the first end 
portion when the first end of the inner core 
exits the second end of the delivery tube 
such that a portion of the implantable de- 
vice remains in the stretched condition and 
disposed inside the delivery tube. 

27. The system of claim 26, characterized in that the 
inner core (34) has a second end extending beyond 
the second end of the delivery tube, and further 
comprising a handle (80) attached to the second 
end of the inner core, the handle constructed and 
arranged to interact with the delivery tube so as to 
prevent the inner core from sliding in a direction 
which would release the end of the implantable de- 
vice. 



25. The introducer according to anyone of claims 1 to 
24, characterized in that the inner core (34) is sliding 
hrough the axial bore of the delivery tube (40) to pull 46 
the implantable device(100) into the axial bore of 

the delivery tube, the first end portion of the inner 
core releasing the implantable device when the first 
end of the inner core exits the second end of the 
delivery tube such that a portion of the implantable so 
device remains disposed inside the delivery tube. 

26. A system for providing an expandable implantable 
device (100) for introduction into a catheter, com- 
prising: 55 

(a) the expandable implantable device having 
an end, a relaxed condition of greater diameter 



28. The system of claim 26 or 27, characterized in that 
the implantable device (100) is a self expanding 
vascular occlusion device. 

29. The system of claim 28, characterized in that the 
implantable device is a wire coil (110) for occluding 
vasculature. 

30. A method of assembling an introducer of anyone of 
claims 1 to 25, with an expandable implantable de- 
vice (100), comprising the steps of: 

(a) positioning the inner core (34) relative to the 
delivery tube (40) so that the first end portion 
of the inner core extends beyond the first end 
of the delivery tube; 
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(b) inserting an end of the expandable implant- 
able device (100) into the first end of the Inner 
core so that the first end portion expands radi- 
ally and grips the end of the expandable im- 
plantable device; 

(c) sliding the inner core to move the first end 
portion with the end of the implantable device 
into the axial bore (58) of the delivery tube at 
the first end of the delivery tube thereby tight- 
ening the grip of the first end portion on the end 
of the implantable device; and 

(d) stopping the sliding of the inner core when 
the first end of the inner core is aligned with the 
first end of the delivery tube thereby leaving the 
implantable device in a relaxed condition out- 
side of the delivery tube. 
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